Four new organic hosts are described that contain a phthalocyanine core to which four crown ether rings are attached.
Since the discovery of crown ethers by Pedersen, now 20 years ago,1 hundreds of papers have been published dealing with the chemistry of these compounds.2 An even larger number of papers have appeared on phthalocyanines and related macrocycles.3 Until recently, no papers have been published describing hosts in which both type of ring systems are incorporated. 4 In the course of a program aimed at the development of new ion and electron carriers, we became interested in such mixed-ring systems as possible building blocks for the construction of ion channels. In previous papers we showed that ion channels can be synthesized by arranging crown ether rings in stacks.5 The stacks remain in a fixed position with the help of a rigid polymer support. Another possible route leading to stacks of crown ether rings could be one in which phthalocyanine rings containing crown ether subunits are polymerized (Figure 1 ). By chosing different ligands L (e.g., pyrazine, -O -, CN") and metals M a great variety of cascade complexes is possible. These complexes can be expected to transport ions and electrons in the direction of the stacks.5b '6 Here we report on phthalocyanines which have been functionalized with 15-crown-5, 18-crown-6, and 21-crown-7 rings: la-d.7 Their aggregation behavior in different solvents and in the presence of various alkali-metal salts is described. The construction of ion channels from la -d will be the subject of a separate paper.
Results
Synthesis. Brominating benzo-18-crown-6' (2c, Scheme I) with bromine and iron gave 4,5-dibromobenzo-18-crown-6 (3c, 53%).
The latter compound was refluxed in D M F with 3 equiv of C uC N 8 and a catalytic amount of pyridine9 to yield the dicyano derivative 4c (68%). Refluxing 4c in (dimethylamino)ethanol provided the (1) Pedersen, C. J. J. Am. Chem. Soc. 1967, 89, 7017-7036. (2) For a recent monograph see: Progress in Macrocyclic Chemistry; Wiley-Interscience: New York, 1979; Vol. 1, pp 1-276; 1981 Aggregation. The visible absorption spectra of the free-base phthalocyanine la in various solvents are shown in Figure 2 . In chloroform three absorption bands at 700, 660, and 600 nm and a shoulder at 640 nm are visible. We attribute these bands to monomeric phthalocyanine.10 In polar solvents, e.g., methanol, the spectrum changes and a new band appears at ^6 3 0 nm. This band can be ascribed to the presence of dimeric and oligomeric phthalocyanine species.10 The metallophthalocyanine compounds lb-d show similar solvent-dependent absorption spectra: in apolar solvents a strong band is displayed at 675 nm with a shoulder at Am. Chetn. Soc., Vol. 109, No. 14, 1987 Sielcken et al. Addition of a metal salt, e.g., KC1, to solutions of phthalo cyanines lc in dry chloroform causes the absorption band of the monomer at 675 nm to decrease in intensity whereas that of oligomeric species at ^6 3 0 nm increases. The number of ag gregated species formed is correlated to the type of salt added.
In Table I we present the relative intensity of the 630-nm band of chloroform solutions of lc which had been equilibrated with various metal salts. Table I reveals that aggregation of the phthalocyanine in dry chloroform is cation as well as anion de pendent. A different situation occurs when the chloroform so lutions are saturated with water or when methanol is added. In these solvent mixtures the aggregation process seems to be anion independent. Cations still induce aggregation, but to a lesser extent (vide infra).
Complexation. The stoichiometry of complexation of various metal salts with metallophthalocyanines lb -d was investigated through UV-vis measurements in chloroform-methanol. The phthalocyanine was dissolved in chloroform-methanol, and the metal ¿'alt, dissolved in methanol, was added in small portions. ûIn chloroform at 25.0 °C; [lc] = 2.5 X 10"5 M; alkali-metal salt, 1 mmol; chloroform, 2.5 mL; the absorbances at 630 nm are calibrated to that of lc-CsCl (A = 0.235) for which 100% aggregation is ob served; estimated error 3%. fcThe crowns are not able to dissolve NaCl. After each addition the changes in absorbance at 630 and 675 nm were determined and plotted against the molar ratio of guest to host. Figure 4 shows Our results indicate that the solvent, cations, and anions all have an influence on the aggregation behavior of phthalocyanine crowns la -d . Because of the complexity of the system, only tentative conclusions can be drawn with respect to the individual contri butions. For the copper-containing phthalocyanines aggregation increases in the solvent series CHC13 < CH2C12 < pyridine < 1-butanol < ethanol < methanol. This order parallels the order of increasing solvent polarity as measured by the dielectric constant or the Ej solvent polarity parameter.12 A similar behavior is observed for the free-base phthalocyanine. Apparently, the copper center has qualitatively no influence on the aggregation process.
5
parently, under our conditions free crown ether rings do not affect • the aggregation appreciably.
The effect cations and anions have on the aggregation behavior of the phthalocyanine crowns is most pronounced in solvents of low solvating power. The data in Table I show that for various combinations of cations and anions aggregation of lc in dry chloroform increases in the series Na+ < K+ < Rb+ < Cs+ and decreases in the series Cl" > Br" > I" > picrate-. Crown ethers and alkali-metal salts MX are known to form sandwich complexes in the solid state when the size of the cation exceeds that of the crown ether ring. The structure of these complexes is [crown-M-crown]+X-.15 Sandwich complexes are formed less easily in solution.16 In compound lc, however, four crown ether rings are available for complexation. They can act cooperatively and in this way promote sandwich-like aggregation in solution. Table  I suggests that under our conditions with rubidium and cesium salts the aggregation is mainly determined by the cation: virtually no effect of the anion is observed. The opposite is true for the sodium and potassium salts. Here the effect of the anion is appreciable. We explain this anion effect in the following way. Because of their small sizes sodium and potassium can be com pletely encapsulated by a crown ether ring of lc. In this way the cations are sufficiently stabilized and no further profit is obtained (13) Piechocki, C.; Simon, J. Nouv. J. Chim. 1985, 9, 159-166. (14) See also: (a) Gruen, L. C. Aust. J. Chem. 1972 Chem. , 25, 1661 Chem. -1667 Waldmeyer, P.; Prijs, B. Inorg. Nucl. Chem. Lett. 1971, 7, 161-169. (15) 
R = CH2O(CH2)10CH3
4264 J. Am. Chem. Soc., Vol. 109, No. 14, 1987 Sielcken et ai from aggregation. In apolar solvents the anions are present in ion pairs. Aggregation and, therefore, clustering of the ion pairs stabilize the system, in particular for the smaller anions in Table  I . This clustering can be imagined to occur through intercalation in stacks of aggregated phthalocyanines as is shown schematically in Figure 5 . As expected, adding methanol to the chloroform solutions of 1 or saturating these solutions with water eliminates the effect of the anions. Only the effect of the cation remains; i.e., cations whose size exceed that of the crown ether ring cause aggregation of the phthalocyanine. Figure 4 shows that under the applied experimental conditions (concentration of 1 (1-15) X 10"5 M) the maximum number of phthalocyanine molecules that aggregate is two; i.e., four cations are sandwiched by eight crown ether rings. At higher phthalocyanine concentrations this number could exceed two. We were unable to test this as such experimental conditions exceed the possibilities of the UV-vis technique.
In Figures 6-8 the binding free energies, AG°, of metal picrate salt complexes of phthalocyanines lb -d are plotted against the size of the cation. These AG° values have been calculated by using the association constants of The binding profiles of benzo-18-crown-6 (2c) and the phthalocyanine derivative lc have similar shapes. The -AG° values calculated for the 1:1 host-guest complexation peak at K+, as for this cation the size of the host and guest match (principle of complementarity).17 The phthalocyanine-18-crown-6 rings, however, are stronger complexing agents than the benzo-18-crown-6 rings. For the cations tested the differences in AG° values vary between -0.5 and -1.6 kcal'mol-1. The origin of this phe nomenon is not clear yet. It could be that the picrate ions interact more strongly with the phthalocyanine rings of lc than with the benzene rings of 2c.
The 21-membered-ring hosts Id and 2d bind the larger ions better than the smaller ions as anticipated. The Li+ ion is an exception to this pattern. This cation probably utilizes a molecule of water to fill the cavity of the host molecule. Just as with lc, the binding profile of Id has shifted to more negative AG° values as compared to that of the model compound. The differences in AG° values between corresponding complexes of Id and 2d amount to -1 to -1.5 kcaFmol-1.
Experimental Section
'H NMR spectra were recorded on Varian EM-360 and Bruker AW-80 instruments. Infrared and UV-vis spectra were taken on PerkinElmer 283 and Perkin-Elmer 555 spectrometers, respectively. DSC thermograms were determined on a Seteram differential scanning calo rimeter. FAB mass spectra were recorded on a VG ZAB 2F spectrom eter. Elemental analyses were carried out by the Elemental Analytical Section of the Institute for Applied Chemistry TNO, Zeist, The Neth erlands. Abbreviations used are as follows: s, singlet; d, doublet; t, triplet; 
